The study of the venous pressure by the direct method of Moritz and von Tabora (1) has been of great value in the diagnosis and physiological understanding of heart failure and a number of other conditions. Provided a certain technique in measurement, as outlined by Lyons, Kennedy, and Burwell (2) , is observed, it is commonly assumed that the arm venous pressure is a function of the atrial pressure, since the vein is a tube connecting the antecubital space with the heart. It is our purpose to show that the peculiar nature of this tube, in that it is easily collapsible, places important restrictions on this interpretation.
The critical experiment in this regard is the classical phenomenon, studied by many observers, of the behavior of the venous pressure as the arm is raised (Fig. 7) . When the pressure is referred to the heart level, the pressure is constant until the arm reaches a certain point, and then rises equally with further elevation. When the pressure is referred to the vein level, the pressure falls until this same point is reached, and then remains constant. Observation indicates that below this point, the vein is distended, and at and above this point, the vein is collapsed.
It is with the full interpretation of this phenomenon that this paper deals. It is our purpose to show that when the vein is distended, it does measure the central venous pressure, and that when it is collapsed, it is completely independent of central influences and measures only the tissue pressure about the vein at the point of measurement. This will be done by showing, first, that a collapsible tube behaves in this way; second, that an isolated segment of vein has the properties of a collapsible tube; and third, that the vein behaves in vivo just as it does in vitro.
MATERIALS AND METHODS
Static experiments. The static experiments were done on a rubber glove and on excised veins.
The distensibility curves of a rubber glove were obtained as follows. A glass tube was tied into the rubber glove, and bent in such a way that negative as well as positive pressures could be read, and a side tube was connected so that increments of fluid could be added. The rubber glove was stuffed into a 250 cc. graduate, mounted horizontally, and closed at the open end by a two-holed rubber stopper. A glass tube was bent in the shape of a U, and so connected to the graduate that the pressure in the graduate could be read by measuring the difference in height of the water columns in the U tube. A side arm was added for applying a desired pressure and readjusting the pressure after increments of water were added to the glove.
An internal mammary vein which was apparently normal was obtained 12 hours post-mortem. It was mounted in an analogous fashion to the rubber glove, but with refinements such that increments of volume change could be measured after adding fluid A glass capillary was led into the center of the latex tube from one end, and connected to a water manometer. The latex tube, so arranged, was mounted inside a glass cylinder, closed at both ends by rubber stoppers, through which were passed the glass tubes on which the latex tube was mounted. The pressure in this air-filled cylinder was measured by the difference in height of the water in the two arms of a U-tube, one end of which was connected to the cylinder, and the other to the outside air. A syringe and needle arrangement permitted the maintenance of a desired pressure.
The model made possible the study of the pressure changes inside the latex tube at given volume flows of water, with different external pressures, with varying outflow levels, with the tube raised or lowered, and inspection of the visible changes in the shape of the latex tube under these conditions.
The analogous parts of the in vivo system are the vein to the latex tube, the cuff about the arm to the closed air space about the tube, the atrial level to an arbitrary reference point, and the atrial pressure to the distance of the outflow level above this arbitrary reference point. To avoid confusing terminology, the different parts of the model will be named after the analogous parts of the in vivo system. With reference to the arbitrary reference point ("atrial level"), the outflow level will be called the "atrial" pressure, the pressure in the tube, the "central venous pressure," and the level of the catheter tip in the tube, the "vein" level. With reference to the "vein" level, the pressure in the tube will be called the "local venous pressure."
If the pressure readings are considered to be in absolute units, so that the heights of the fluid columns in the manometers can be read as pressures, then the above definitions establish a relation between the pressure and the two reference points ("vein level" and "atrial level") as follows: VL = CVP -LVP, where VL is the vein level, CVP is the central venous pressure (height of fluid column above atrial level), and LVP is the local venous pressure (height of fluid column above vein level). Because of this relation, the observed values are plotted on triaxial coordinates, in order that the relation of each pressure reading to the two reference points can be most advantageously shown.
In vivo studies. The in vivo studies were done on a variety of subjects, in all stages of health and disease. None had obvious local disease of the veins.
The venous pressures were determined by the direct method of Moritz procedure was the method of establishing the manometer level of the atrium. We measured the antero-posterior chest diameter from the angle of Louis to the spine of the fourth thoracic vertebra with obstetrical calipers, and then by means of a spirit level related the manometer to the angle of Louis so that the manometer zero (atrial level) was 10 cm. above the spine of the fourth thoracic vertebra. In some of the studies, a vein on the dorsum of the forearm was used instead of the antecubital vein. Normal saline was usually used without an anticoagulant. The pressure readings were corrected for capillarity when necessary. The vein levels were determined by feeling the tip of the needle in the vein, and leveling accordingly. Particularly when a cuff is in place over the needle tip, the error in leveling may be as great as 1 cm.
OBSERVATIONS
Static properties of collapsible tubes and veins.
When increments of volume are added to a thin walled bladder, the pressure-volume relations follow a sigmoid curve, with a long vertical rise of volume change without measurable pressure change, representing a state of free distensibility 1 (Figure 1) . If the total capacity of the bladder 1 The terms "free distensibility" and "free collapsibility" are used interchangeably throughout this paper, and are considered to denote the range of free volume change.
(or segment) is arbitrarily taken as the volume change effected by internal pressures from 10 cm. water below to 10 cm. above the ambient (surrounding) pressure, the range of free disterisibility relative to total capacity is wide and becomes wider the thinner the bladder wall. In this range of free distensibility, the internal pressure is equal to the ambient presshre. Isolated vein segments behave in the same way and likewise, their range of free distensibility depends upon the properties of the vein wall (Figures 2 and 3) , becoming less as the thickness of the wall increases.
Dynamic properties of collapsible tubes and veins. At volume flows just below those which induce bumping, the latex tube is found to have properties analogous to those of the bladder, studied under static conditions. The tube is collapsed when it is some distance above the outflow level, and distended when it is below the outflow level. When the tube is collapsed, it mirrors exactly the ambient pressure, as measured in a cuff about the tube; and it is quite independent of any level at which the outflow is set, provided the outflow level is not high enough (Figure 6 ). When the vein is distended by holding it below the body level, increments of cuff pressure do not affect the lumen pressure at all, until the cuff pressure exceeds the lumen pressure.
A slight modification in the procedure is necessary to show conveniently the dependence of the pressure in the distended vein on more central influences. When the arm of any individual is raised from a position of maximal depression to one of maximal elevation, and the venous pressure is measured continuously, the venous pressure curves, plotted in reference to the atrial and vein levels, are characteristic (Figure 7) . The use of individuals with different central pressures (referred atrial pressure) changes the magnitude of the pressure but not the form of the curve (Figure 8) . The when the vein is any distance above the point of collapse, is quite analogous to the local pressure in the collapsed rubber tube, which has been shown to be a function of the ambient external pressure. The fact that changes in cuff pressure are completely transmitted to the lumen of the vein (Figure 6 ) proves that under ,these conditions the vein is freely collapsible, since the vein wall does not resist this complete transmission of pressure. If the tissue pressure is defined as the hydrostatic pressure exerted by the tissue on any point in the tissue, the residual pressure in the vein must then be exactly equal to the tissue pressure about the vein.2
' If the local pressure in a collapsed vein is to be interpreted as being due solely to tissue pressure about the vein, measurable tonus in the vein wall must be absent, and the volume flow must be such that the vein is not collapsed beyond its range of free collapsibility; proof that both conditions obtain derives from the fact that under the conditions of the experiment the vein is freely collapsible.
In this connection, it is of interest to compare our observations on the tissue pressure, as measured in this way, with those of Burch and Sodeman, measured by determining the pressure at which fluid could be forced into the tissue (Table I) The pattern is similar to the model ( Figure 4 ). As long as the vein is distended, the pressure is constant when referred to the atrium, no matter what the vein level may be. When the vein is elevated sufficiently to collapse the vein, the internal pressure bears a constant relation to the particular cuff pressure applied at the time. (Fisher (8) 4 . A human arm vein in vivo can be determined to be within its range of free distensibility by elevating the arm until the vein appears collapsed, and then demonstrating the complete transmission to its lumen of pressure applied externally by means of a cuff.
5. When a vein is collapsed to within its limits of free collapsibility, the internal pressure is equal to the surrounding tissue pressure. 6 . These findings place certain important restrictions on the interpretation of the venous pressure as measured peripherally.
CONCLUSIONS
When arm veins are distended, the venous pressure measures central influences, and is independent of the local pressure around the veins.
When arm veins are collapsed, the venous pressure measures the tissue pressure that has collapsed them, and is independent of central influences.
The measurement of local venous pressure in freely collapsed veins offers a means of measuring tissue pressure under conditions of equilibrium.
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